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 As scaling down Si MOSFET devices degrade device performance in terms of short channel effects. 
Carbon nanotube field effect transistor (CNTFET) is one of the novel nanoelectronics devices that over-
come those MOSFET limitations. The carbon nanotube field effect transistors (CNTFETs) have been ex-
plored and proposed to be the promising candidate for the next generation of integrated circuit (IC) devic-
es. To explore the role of CNTFETs in future integrated circuits, it is important to evaluate their perfor-
mance. However, to do that we need a model that can accurately describe the behavior of the CNTFETs so 
that the design and evaluation of circuits using these devices can be made.  In this paper, we have investi-
gated the effect of scaling gate insulator thickness on the device performance of cylindrical shaped ballistic 
CNTFET in terms of transfer characteristics, output characteristics, average velocity, gm/Id ratio, mobile 
charge, quantum capacitance/insulator capacitance, drive current (Ion), Ion / Ioff ratio, transconductance, and 
output conductance. We concluded that the device metrics such as Ion, Ion / Ioff ratio, transconductance, and 
output conductance increases with the decrease in gate insulator thickness. Also, we concluded that the 
gate insulator thickness reduction causes subthreshold slope close to the theoretical limit of 60 mV/decade 
and DIBL close to zero at room temperature. 
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1. INTRODUCTION 
 
The electronic devices with small size, light weight, 
low power consumption, high performance and rich in 
functionalities are highly demanded. For the past 
40 years, the semiconductor industry and academia have 
pushed the downscaling of metal-oxide-semiconductor 
field-effect transistor (MOSFET) to achieve those re-
quirements. The MOSFET device scaling might not be 
extended to below 10 nm because of the short-channel 
effects in devices. It is therefore important to search for 
alternative devices for Si MOSFET devices [1-3]. Some 
novel nanoelectronic devices have been suggested to re-
place the MOSFET to overcome those limitation chal-
lenges. Carbon nanotube field effect transistor 
(CNTFET) appears to be the most promising nanostruc-
ture devices in realizing the nanotransistors and replac-
ing current Si MOSFET, due to the superior electrical 
and mechanical properties of carbon nanotube (CNT) [4-
5]. Silicon dioxide (SiO2) has been used as the gate die-
lectric material in MOSFET devices for over 40 years. As 
transistors have decreased in size, the thickness of the 
silicon dioxide gate dielectric has steadily decreased to 
increase the gate capacitance and thereby drive current, 
raising device performance. As the thickness scales be-
low 1.5 nm, leakage currents due to tunneling increase 
drastically, leading to high power consumption and re-
duced device reliability. Replacing the silicon dioxide 
gate dielectric with a high-κ material allows increased 
gate capacitance without the associated leakage effects. 
The implementation of high-κ gate dielectrics is one of 
several strategies developed to allow further miniaturi-
zation of microelectronic components, colloquially re-
ferred to as extending Moore's Law [6]. The possible ap-
plication for nanoelectronic devices has been extensively 
explored since the demonstration of the first carbon 
nanotube field-effect transistors (CNTFETs) [7-8]. The 
high strength and high flexibility are unique mechanical 
properties of CNT and the electronic properties depend 
drastically on both the diameter and its chirality [9-10]. 
In a CNT, low bias transport can be nearly ballistic 
across distances of several hundred nanometers [11]. In 
addition, deposition of high-κ gate insulators does not 
degrade the carrier mobility because the topological 
structure results in an absence of dangling bonds [12]. 
The conduction and valence bands in CNT are symmet-
ric, which is advantageous for complementary applica-
tions. The band-structure is direct, which enables optical 
emission, and finally, CNT is highly resistant to elec-
tromigration [12]. Because of these attractive features, 
CNTs are receiving much attention for possible device 
applications. The CNTFET exhibit a wide range of fa-
vorable electrical properties; some of them are presented 
below: 
 High transconductance. This property determines 
the performance of any FET. A higher transconduct-
ance results in greater gain or amplification. 
 Superior subthreshold slope. This property is very 
important for low power applications. 
 Superior threshold voltage. 
 High mobility. 
 Ballistic transport. This property results in high 
speed devices. 
 High current density. 
 High Ion / Ioff current ratios. 
In this paper, we have discussed the various simula-
tion results of cylindrical shaped ballistic CNTFET such 
as transfer characteristics, output characteristics, aver-
age velocity, gm / Id ratio, mobile charge, quantum capaci-
tance/insulator capacitance, drive current (Ion), Ion / Ioff 
ratio, transconductance, output conductance, subthresh-
old slope (SS) and drain induced barrier lowering (DIBL) 
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by choosing the parameters like CNT diameter d  3 nm, 
threshold voltage Vth  0.4 V, temperature T  300 K, 
gate insulator dielectric constant κ  3.9 (SiO2), gate 
control parameter G  1, drain control parameter D  0 
while the gate insulator thickness is varied. 
 
2. DEVICE STRUCTURE 
 
The structure of cylindrical CNTFET as shown in 
Fig. 1. In cylindrical CNTFET, a semiconducting CNT 
is used as the channel which is surrounded by an oxide 
layer which is finally surrounded by a metal contact. 
This metal contact serves as the gate terminal. We as-
sume that the metal-nanotube contact resistance, 
RC  0, and carrier transport through nanotube is bal-
listic (no scattering). The channel length is an im-
portant parameter when fabricating a device. Depend-
ing on the types of scattering that take place in the 
channel, conduction can fall into either the diffusive or 
ballistic regimes. Because the model used in FETToy 
[13] assumes ballistic conduction, there is no considera-
tion of channel length as there would be no effect so 
long as ballistic conduction is maintained.  
 
 
 
Fig. 1 – Structure of cylindrical Carbon nanotube field effect 
transistor (CNTFET) 
 
3. RESULTS AND DISCUSSION 
 
In this section, we have discussed the effect of the 
gate insulator thickness scaling on the various perfor-
mance parameters and characteristics of cylindrical 
CNTFET.  
 
3.1 Variation of Drain-Source Current (IDS) w.r.t 
Gate- Source Voltage (VGS) 
 
The variation of drain-source current (IDS) w.r.t gate- 
source voltage (VGS) for various gate insulator thickness-
es of CNTFET as shown in Fig. 2. It has been observed 
that the drain current of the CNTFET increases with 
the reduction in gate insulator thickness. It means that 
when we reduce the gate insulator thickness, the cur-
rent capability of the CNTFET enhances. This shows 
that the conductivity of the CNTFET is inversely pro-
portional to the gate insulator thickness. 
 
3.2 Variation of Drain-Source Current (IDS) w.r.t 
Drain- Source Voltage (VDS)  
 
The variation of drain-source current (IDS) w.r.t 
drain- source voltage (VDS) for various gate insulator 
thicknesses of CNTFET as shown in Fig. 3. It has been 
observed that the saturation current increases with the 
 
 
Fig. 2 – Variation of drain-source current (IDS) w.r.t gate- 
source voltage (VGS) for various gate insulator thicknesses of 
CNTFET 
 
decrease in gate insulator thickness and degree of 
this effect increases as we go for lower gate insulator 
thickness. This means that as we are going for lower 
gate insulator thickness the increment in saturation 
current with respect to gate insulator thickness also 
increases. 
 
 
 
Fig. 3 – Variation of drain-source current (IDS) w.r.t drain- 
source voltage (VDS) for various gate insulator thicknesses of 
CNTFET 
 
 
 
Fig. 4 – Variation of average velocity w.r.t gate-source voltage 
(VGS) for various gate insulator thicknesses of CNTFET 
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3.3 Variation of Average Velocity w.r.t Gate-
Source Voltage (VGS) 
 
The variation of average velocity w.r.t gate-source 
voltage (VGS) for various gate insulator thicknesses of 
CNTFET as shown in Fig. 4. It has been observed that 
the average velocity of carries increases with the in-
crease in drain-source current beyond the threshold 
voltage. Also, average velocity increases with the re-
duction in gate insulator thickness. 
 
3.4 Variation of gm/Id Ratio w.r.t Gate-Source 
Voltage (VGS) 
 
The variation of gm / Id ratio w.r.t gate-source volt-
age (VGS) for various gate insulator thicknesses of 
CNTFET as shown in Fig. 5. In order to achieve a rela-
tively large transconductance the CNTFET must have 
thin gate insulator thickness. The larger the transcon-
ductance, the greater the gain it will deliver. It has 
been observed that as the gate insulator thickness is 
reduced, the gm / Id ratio increases due to the reason 
that the gate oxide capacitance is increased as the gate 
insulator thickness is reduced. 
 
 
 
Fig. 5 – Variation of gm/Id (/V) ratio w.r.t gate-source voltage 
VGS for various gate insulator thicknesses of CNTFET 
 
3.5 Variation of Mobile Charge/q w.r.t Gate- 
Source Voltage (VGS)  
 
The variation of mobile charge/q w.r.t gate- source 
voltage (VGS) for various gate insulator thicknesses of 
CNTFET as shown in Fig. 6. It is noticed that increas-
ing the drain voltage beyond a specific value has no 
longer an effect on the shape of the curves since the 
mobile charge remains constant. It is also observed 
that low drain voltage produces higher mobile charge 
and high drain voltage produces lower mobile charge. 
Also, it has been noticed that the mobile charge in-
creases with the reduction in gate insulator thickness. 
 
3.6 Variation of Mobile Charge/q w.r.t Drain-
Source Voltage (VDS) 
 
The variation of mobile charge/q w.r.t drain-source 
voltage (VDS) for various gate insulator thicknesses of 
CNTFET as shown in Fig. 7. It has been observed that 
 
 
Fig. 6 – Variation of mobile charge/q (/cm) w.r.t gate- source 
voltage VGS for various gate insulator thicknesses of CNTFET 
 
the mobile charge increases with the increase in 
gate source voltage beyond 0.3 V. Also, it is noted that 
with the reduction of gate insulator thickness the mo-
bile charge increases. 
 
 
 
Fig. 7 – Variation of mobile charge/q (/cm) w.r.t drain- source 
voltage (VDS) for various gate insulator thicknesses of 
CNTFET 
 
3.7 Variation of QC/Insulator Capacitance w.r.t 
Gate-Source Voltage (VGS) 
 
The variation of QC/Insulator capacitance w.r.t 
gate- source voltage (VGS) for various gate insulator 
thicknesses of CNTFET as shown in Fig. 8. It is noted 
that a higher quantum capacitance/insulator capaci-
tance can be reached at a gate voltage greater than 
0.5 V beyond this voltage quantum capacitance/insula-
tor capacitance gets decreased. Lower drain voltage 
shows significant capacitance effect. Also, it has been 
observed that the reduction in gate insulator thickness 
causes quantum capacitance/insulator capacitance re-
duced. 
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Fig. 8 – Variation of QC/Insulator Capacitance w.r.t gate- 
source voltage (VGS) for various gate insulator thicknesses of 
CNTFET 
 
3.8 Effect of Gate Insulator Thickness on Drive 
Current (Ion) and Ion / Ioff ratio 
 
The variation of drive current (Ion) and Ion / Ioff ratio 
w.r.t gate insulator thickness as shown in Fig. 9 and 10 
respectively. It has been shown that the drive current 
and Ion / Ioff ratio increases with the decrease in gate 
insulator thickness. High Ion / Ioff ratio indicates fast 
switching speed of the device. 
 
 
 
Fig. 9 – Variation of drive current Ion w.r.t gate insulator 
thickness 
 
3.9 Effect of Gate Insulator Thickness on Trans-
conductance (gm) and Output conductance 
(gd) 
 
The variation of transconductance (gm) and output con-
ductance (gd) w.r.t gate insulator thickness as shown in 
Fig. 11 and 12 respectively. It is evident from the fig-
ures that the transconductance  of device improves 
with the decrease in gate insulator thickness due to 
more controllability of gate on the channel. Also, the 
output conductance of CNTFET increases with the re-
duction in gate insulator thickness. 
 
 
Fig. 10 – Variation of Ion / Ioff ratio w.r.t gate insulator thickness 
 
 
 
Fig. 11 – Variation of transconductance w.r.t gate insulator 
thickness 
 
 
 
Fig. 12 – Variation of output conductance w.r.t gate insulator 
thickness 
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3.10 Short Channel Effect in CNTFET 
 
The short-channel effects are attributed to two 
physical phenomena such as (i) The limitation imposed 
on electron drift characteristics in the channel and (ii) 
The modification of the threshold voltage due to the 
shortening channel length [16-17]. Two short channel 
effects has been discussed and analyzed. 
 
3.10.1 Subthreshold Slope (SS) 
 
It indicates how effectively the flow of drain current 
of a device can be stopped when VGS is decreased below 
Vth. When IDS-VGS curve of a device is steeper sub-
threshold slope will improve. A device characterized by 
steep subthreshold slope exhibits a faster transition 
between off (low current) and on (high current) states. 
The effect of gate insulator thickness on subthreshold 
slope as shown in Fig. 13. As can be seen from the fig-
ure that the subthreshold slope improves with the gate 
insulator thickness reduction and close to its theoreti-
cal limit at tins  1.5 nm. These results imply that the 
gate-to channel control ability is enhanced due to the 
assistance of the thin gate insulator thickness. 
 
 
 
Fig. 13 – Variation of subthreshold slope w.r.t gate insulator 
thickness 
 
3.10.2 Drain Induced Barrier Lowering (DIBL) 
 
In the weak inversion regime, there is a potential 
barrier between the source and the channel region. The 
height of this barrier is a result of the balance between 
drift and diffusion current between these two regions. 
The barrier height for channel carriers should ideally 
be controlled by the gate voltage to maximize transcon-
ductance. The DIBL effect [18] occurs when the barrier 
height for channel carriers at the edge of the source 
reduces due to the influence of drain electric field, upon 
application of a high drain voltage. This increases the 
number of carriers injected into the channel from the 
source leading to an increased drain off-current. Thus, 
the drain current is controlled not only by the gate 
voltage, but also by the drain voltage.  
 
 
 
Fig. 14 – Variation of drain induced barrier lowering (DIBL) 
w.r.t gate insulator thickness 
 
The effect of gate insulator thickness on DIBL as 
shown in Fig. 14. It can be seen that the DIBL is reduced 
with the reduction in gate insulator thickness. 
 
4. CONCLUSION 
 
The impact of scaling gate insulator thickness on 
CNTFETs has been studied. It has been observed that 
reduction in gate insulator thickness causes the in-
crease in Ion / Ioff ratio and leads to a high drive current 
(Ion). The short channel effects such as subthreshold 
swing and drain induced barrier lowering also improve 
and are close to its theoretical limit. Transconductance 
is larger for thin gate insulator thickness CNTFETs. 
Thus, thin gate insulator thickness are better option 
for enhancing the performance of cylindrical shaped 
ballistic CNTFET. 
 
AKNOWLEDGEMENTS 
 
One of the authors Devi Dass gratefully acknowl-
edges the University Grants Commission (U.G.C.), 
Govt. of India, for the award of ‘Rajiv Gandhi National 
Fellowship’ under the scheme funded by Ministry of 
Social Justice & Empowerment, Govt. of India. 
 
 
REFERENCES 
 
1. A.M. Hashim, H.H. Pung, C.Y. Pin, Jurnal Teknologi 
49, 129 (2008). 
2. N. Shashank, Vikram Singh, W.R. Taube, R.K. Nahar, 
J. Nano- Electron. Phys. 3, No 1, 937 (2011). 
3. J. Ali, A. Kumar, S. Husain, S. Parveen, M. Husain,  
J. Nano- Electron. Phys. 3, No 1, 358 (2011). 
4. H. Hasegawa, S. Kasai, T. Sato, IEICE Transaction on 
Electron E87-C, No11, 1757 (2004). 
5. M.S. Dresselhaus, G. Dresselhaus, Ph. Avouris, Car-
bon Nanotubes: Synthesis, Structure, Properties, and 
Applications (New York: Springer-Verlag: 2001). 
6. E.M. Vogel, K.Z. Ahmed, B. Hornung, W.K. Henson, 
P.K. McLarty, G. Lucovsky, J.R. Hauser, J. Wortman, 
IEEE T. Electron Dev. 45, 1350 (1998).  
7. R. Martel, T. Schmidt, H.R. Shea, T. Hertel, 
P. Avouris, Appl. Phys. Lett. 73, 2447 (1998),  
8. S.J. Tans, A.R.M. Verschueren, C. Dekker, Nature 393, 
49 (1998). 
 DEVI DASS, RAKESH PRASHER, RAKESH VAID J. NANO- ELECTRON. PHYS. 5, 02014 (2013) 
 
 
02014-6 
9. S. Iijima, T. Ichibashi, Nature 363, 603 (1993). 
10. P.L. McEuen, M.S. Fuhrer, H. Park, IEEE T. Nano-
technology 1, 78 (2002). 
11. D.S. Bethune, C.H. Kiang, M.S. Devries, G. Gorman, 
R. Savoy, J. Vazquez, R. Beyers, Nature 363, 605 
(1993). 
12. A. Javey, H. Kim, M. Brink, Q. Wang, A. Ural, J. Guo, 
P. McIntyre, P. McEuen, M. Lundstrom, H. Dai, Nat. 
Mater. 1, 241 (2002). 
13. A. Rahman, J. Wang, J. Guo, Md. Sayed Hasan, Y. Liu, 
A. Matsudaira, S.S. Ahmed, S. Datta, M. Lundstrom, 
FETToy, 10254/nanohub-r220.4 (2006). 
14. Z. Arefinia, A.A. Orouji, Physica E 40, 3068 (2008). 
15. Z. Arefinia, A.A. Orouji, Microelectr. J. 40, 5 (2009). 
16. A. Choudhary, M.J. Kumar, IEEE T. Device Mat. Re. 4, 
99 (2004). 
17. D. Ranka, A.K. Rana, R.K. Yadav, D. Giri, Int. J. Com-
put. Appl. T. 18 No5, 22 (2011). 
18. R.R. Troutman, IEEE T. Electron Dev. 26, 461 (1979). 
 
